Phosphor doped with erbium ion with variable concentration (0.5-2 mol%) was synthesized by solid state reaction method. CaY 2 O 4 :Er 3+ phosphor is characterized by X-ray diffraction technique for structural analysis and crystallite size calculation. Average crystallite size was found to be nearly 58 nm. Two prominent TL glow peaks found at 163 ∘ C associated with higher temperature peak 340 ∘ C. The peak intensity of higher temperature (340 ∘ C) peak was less as compared to lower temperature peak (163 ∘ C) because the deep trapping formation is less in case of UV irradiation. Sample shows good TL glow curve and for variable UV exposure time maximum TL intensity was found at 20 min UV exposure which is optimized UV exposure time. Sample was studied by photoluminescence emission spectra excited by xenon flash lamp with nearly 360 nm and four prominent peaks found at wavelengths 445, 525, 553, and 565 nm; here the 445 and 565 nm peak were intense as compared to others. From the PL emission spectra, it is concluded that the color tenability of prepared CaY 2 O 4 :Er 3+ was blue-green and it is verified by CIE coordinate. Kinetic parameters of prepared phosphor were calculated by computerized glow curve deconvolution (CGCD) technique.
Introduction
In recent years, practical applications in optical devices, such as color display, optical data storage, biomedical diagnostics, and temperature sensors, have been produced on the basis of rare earth ion doped materials [1, 2] . Recently, the luminescence properties of rare earth ions in CaY 2 O 4 have attracted much attention. CaY 2 O 4 belongs to the ordered CaFe 2 O 4 structure, which is composed of a (R 2 O 4 ) 2− (R is rare earth metal) framework of double octahedral structure with rare earth ions residing within the framework. Due to the thermal and chemical stability, CaY 2 O 4 has been used in thermal barrier coating (TBC) materials [3, 4] .
The paper describes synthesis of rare earth doped phosphor which may be applicable for display devices applications. The object of the present investigation is to report the results of luminescence studies in terms of photoluminescence and thermoluminescence properties of CaY 2 O 4 :Er 3+ phosphor with variable concentration of erbium ions. To the best of our knowledge and on the basis of literature survey suggestions, it is claimed that this paper attempts to address the PL and TL studies for the first time.
Experimental
Preparing CaY 2 O 4 phosphor with erbium (0.5-2 mol%) which consists of heating stoichiometric amounts of reactant mixture is taken in alumina crucible for calcination at 1000 ∘ C temperature, and sintering temperature was 1300 ∘ C for 4 hours in a muffle furnace. The sample was characterized using photoluminescence (PL), thermoluminescence (TL), XRD, FEGSEM, and HRTEM. The XRD measurements were carried out using Bruker D8 Advance X-ray diffractometer. The X-rays were produced using a sealed tube and the wavelength of X-ray was 0.154 nm (Cu K-alpha). The X-rays were detected using a fast counting detector based on Silicon strip technology (Bruker Lynx Eye Detector). Observation of particle morphology was investigated by FEGSEM (field emission gun scanning electron microscope) (JEOL JSM-6360). The photoluminescence (PL) emission and excitation spectra were recorded at room temperature by use of a Shimadzu RF-5301 PC spectrofluorophotometer. The excitation source was a xenon lamp. Thermally stimulated luminescence glow curves were recorded at room temperature by using TLD reader I1009 supplied by Nucleonix Sys. Pvt. Ltd., Hyderabad. The obtained phosphor under the TL examination is given UV radiation using 254 nm UV source [6] .
Results and Discussion
The prepared phosphor materials were analysed by XRD to reveal phase compositions and the crystallite size ( Figure 1 ). The crystallite size was calculated from the XRD pattern following the Scherer equation = 0.9 / cos . Here, is the crystallite size for the (hkl) plane, is the wavelength of the incident X-ray radiation [CuK (0.154056 nm)], is the full width at half maximum (FWHM) in radians, and is the diffraction angle for the (hkl) plane. From the XRD pattern, it was found that the prominent phase formed is CaY 2 O 4. This reveals that the structure of CaY 2 O 4 is orthorhombic. For variable erbium concentration, it is found that from the XRD pattern there is no impurity phase. For XRD pattern, corresponding miller indices values are calculated, which matches with JCPDS card number. Sample shows orthorhombic structure. The crystallite size calculated using Scherer's formula is 56.41 nm.
SEM micrographs are recorded for 10000x resolution of prepared sample. uniform size having good connectivity with grain. The average particles have shown microflowers with the particle size of 55 nanometer-few microns. From the elemental analysis, it is found that intense Ca, Y, and O ions are present in the sample (Figure 3 ). EDX pattern also confirms the formation of CaY 2 O 4 phosphor.
FTIR spectrum of CaY 2 O 4 :Er (1%) phosphor is shown in Figure 4 . This spectrum expresses strong broad peaks at 412 cm −1 to 446 cm −1 which are the characteristics of Y-O vibrations. Presence of Ca-O gives rise to an IR peak within a range of 1265 cm −1 . All these observed peaks found together confirm the formation of CaY 2 O 4 phosphor. From the FTIR spectrum, it is observed that the peak at ∼3643 cm −1 is assigned to intermolecular H bonding of H 2 O. The specimen might have absorbed moisture from the atmosphere.
The TL glow curve of CaY 2 O 4 phosphor doped erbium ions shows broad TL glow curve. It is centered at 163 ∘ C having shoulder peak at 340 ∘ C. It shows linear response with UV dose ( Figure 5 ). TL intensity increases with increasing UV exposure time (inset of Figure 6 ) and peak centered at 163 ∘ C which shows good peak for thermoluminescence dosimeter peak. When this curve is fitted by CGCD technique it shows good theoretical and experimental fit for the same analysis of different authors [7, 8] . From CGCD pattern clearly broad 3 peaks centered at 430 K, 489 K, and 608 ∘ C (Figure 7 ) and for these three peaks kinetic parameters are calculated ( Table 1) . Here the TL glow curve shows good agreement with UV dose and shows linear response with high temperature peak which gives the information about dosimetric loss in the prepared phosphor. The peak centered at 163 ∘ is due to formation of shallower trap and 340 ∘ C peak is due to deeper trap.
From the calculated kinetic parameters, it is found that glow curve is characteristic of the different trap levels that lie in the band gap of the material. A reliable dosimetric study of a thermoluminescent material should be based on good knowledge of its kinetic parameters that include trap depth ( ), order of kinetics ( ), and frequency factor ( ). The study of relatively deep trapping defect-states in various phosphors, as well as TL dating of solid state materials, is closely related to the position of the trapping levels within the forbidden gap. However, there are various methods to obtain the number of glow peaks in the complex glow curves and their kinetic parameters that best describe the peaks [9] [10] [11] .
Here the order of kinetics shows general order which nearly goes to second order. Activation energy is found highest for higher peak and varies from three peaks: 0.63, 0.58, and 0.71 eV.
Prepared phosphor was studied by photoluminescence analysis; it is found that the emission spectra with Er 3+ show strong peaks at 445 nm, 525 nm, 553 nm, and 565 nm range (Figure 8 ), the dominant peak at 445 nm due to the ( 2 H 11/2 , 4 S 3/2 ) transition, and weaker transition at 565 nm with peak associated with 525 and 553 nm. Spectrophotometric determinations of peaks are evaluated by Commission Internationale de I'Eclairage (CIE) technique (Figure 9 ).
The CIE coordinates were calculated by spectrophotometric method using the spectral energy distribution [12] [13] [14] [15] [16] of the CaY 2 O 4 :Er 3+ sample (Figure 9 ). The color coordinates for the Er 3+ doped sample are = 0.358 and = 0.556 (these coordinates are very near to the green light emission) and = 0.166 and = 0.026 (these coordinates are very near to the blue light emission). Hence this phosphor has excellent color tenability from blue-green light emission. So the prepared phosphor may be useful for blue-green emissions for display application [17, 18] .
Conclusion
The samples were prepared by solid state synthesis technique which is suitable for large scale production for phosphors. From XRD study, the prepared sample has orthorhombic structure and no impurity phase was found in XRD. The calculated particle size by Scherer's formula was found to be 58 nm. The surface morphology of prepared phosphor shows compact distribution with some agglomerates. The emission spectra with constant concentration of Er 3+ show strong peaks at 445 nm, 525 nm, 553 nm, and 565 nm, the dominant peak at 445 nm due to the ( 2 H 11/2 , 4 S 3/2 ) transition, and weaker transition at 525 nm, 553 nm, and 565 nm. Spectrophotometric determinations of peaks are evaluated by Commission Internationale de I'Eclairage (CIE) technique. It shows the color tenability near blue-green emission so the prepared phosphor is useful for display device applications for blue-green emission. TL glow curve analysis and CGCD pattern of TL glow curve determine the kinetic parameters, which gives information about dosimetric loss in the material. Here the order of kinetics shows general order which nearly goes to second order. Activation energy is found to be the highest for higher peak and varies from three peaks: 0.63, 0.58, and 0.71 eV. High temperature TL glow peak shows more stability and less fading of the behaviour displayed by phosphor is useful for dosimetric application.
